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Conservat we  assumptions  have  been  made  in  the  screening  a/«d  a..-elysis  process  to 
avoid  eliminating  any  potentially  feasible  sites.  The  current  summary  tables 
provide  the  best  estimated  to  date,  but  to  some  degree,  may  overstate  the  actual 
capacity  and  energy  which  could  be  developed.* The  est  imates  for  individual 
sites  may  be  overstated  for  the  following  reasonfrr--- 

a.  A  reduction  of  net  power  head  due  to  rising  tailwater  conditions  during 
high  flows  was  not  compared. 

I  b.  The  analysis  technique  of  maximum  net  benefits,  using  incomplete  pro¬ 

ject  costs,  resulted  in  a  low  plant  factor  operation.  This  type  of  operation 
could  require  more  reservoir  storage  than  is  available  for  regulating  power 
flows;  or  could  cause  unacceptable  fluctuations  In  the  surface  elevation  of  the 
reservoir  or  downstream  flow. 

c.  Computations  ignored  diversion  of  water  for  other  uses,  as  well  as 
losses  due  to  evaporation. 

d.  Turbines  were  assumed  to  be  100  percent  efficient,  and  head  losses 
through  penstocks  were  not  estimated. 

i 

e.  During  periods  of  high  flow,  it  was  calculated  that  streamflow  would 
pass  through  the  turbines  at  the  design  discharge  rate  when  in  fact,  during 
excessively  high  flows,  the  plant  may  be  shut  down  because  of  high  tailwater  and 
reduced  head . 

/ 

f.  Summary  tables  include  estimates  of  the  potential  capacity  and  energy 
at  each  site  in  the  inventory.  In  some  cases,  individual  projects  may  be  site 
alternatives  to  others  in  the  same  general  location,  when  only  one  can  be  con¬ 
sidered  for  hydropower  development. 

g.  Detailed  consideration  of  the  social,  economic,  institutional  and 
environmental  constraints  associated  with  hydropower  development  were  not 
specifically  included  in  the  analysis. 

All  of  the  issues  listed  above  will  be  addressed  during  future  stages  of  the 
National  Hydropower  Study  through  the  addition  of  more  detailed  site-specific 
information,  and  by  refinements  in  the  computer  routines  used  in  assessing  the 

data. 
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PRELIMINARY  INVENTORY  OF  HYDROPOWER  RESOURCES 


INTRODUCTION 


Since  completion  of  the  world's  first  central  hydroelectric  generating 
facility  at  Appleton,  Wisconsin  in  1882,  hydropower  has  played  a  major 
role  in  our  nation's  social  and  economic  development.  Although  this 
first  installation  was  comparatively  small  (providing  only  enough  power 
to  light  250  light  bulbs),  it  had  a  large  impact,  and  streams  and  rivers 
across  the  country  were  rapidly  developed  to  generate  electricity. 

Today,  hydropower  provides  about  13  percent  of  the  nation's  total 
electric  power  with  a  conventional  installed  capacity  of  about  64,000 
megawatts  and  an  average  annual  energy  generation  of  some  280  thousand 
glgawat  t-hours . 

Hydroelectric  power  development  was  rapid  during  the  first  half  of  the 
twentieth  century,  but  by  the  mid-1960's  many  factors  had  combined  to 
diminish  its  contribution  to  electrical  utility  systems.  First .  the 
most  favorable  sites  were  developed  early,  and  the  undeveloped  potential 
simply  did  not  look  as  attractive  when  compared  to  other  available 
energy  sources.  Second .  demand  for  electricity  increased  rapidly  during 
the  50's  and  60's,  and  even  with  the  continued  development  of  new  sites, 
hydropower's  "share  of  the  load"  steadily  decreased.  Finally,  the  low 
cost  of  fossil  fuels  and  optimistic  forecasts  concerning  nuclear 
technology  and  its  public  acceptability  led  many  planners  to  believe 
that  the  nation's  energy  future  was  secure. 

During  the  past  decade,  a  number  of  interacting  factors,  including 
rising  fuel  prices,  rapid  escalation  of  the  costs  in  constructing 
thermal  generating  facilities,  and  increased  public  concern  over  the 
safety  of  nuclear  plants  have  prompted  not  only  a  search  for  new  energy 
alternatives,  but  also  a  reexamination  of  previously  ignored  or 
discounted  alternatives.  Because  of  the  immediate  need  to  develop  new 
sources  of  energy,  planners  at  all  levels  of  organization  have 
significantly  increased  their  efforts  to  assess  the  most  feasible 
alternatives  to  meet  present  and  future  energy  demands.  Hydroelectric 
power  development,  particularly  incremental  or  new  capacity  at  existing 
facilities,  could  provide  an  important  contribution  to  our  nation's 
growing  energy  needs. 

The  U.S.  Army  Corps  of  Engineers  is  currently  conducting  a  detailed 
assessment  of  the  nation's  hydroelectric  resources  as  part  of  the 
National  Hydroelectric  Power  Study  authorized  by  Section  167  of  the 
Water  Resources  Development  Act  of  1976  (P.L.  94-587).  The  study  is 
designed  to  provide  a  current  and  comprehensive  estimate  of  the 
potential  for  incremental  or  new  generation  at  existing  dams  and  other 
water  resource  projects,  as  well  as  for  undeveloped  sites  in  the  United 
States.  In  addition,  the  study  will  address  the  demand  for 
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hydroelectric  power,  and  will  Investigate  various  related  policy  and 
technical  considerations  to  determine  the  Incentives,  constraints  and 
Impacts  of  developing  hydropower  to  meet  a  portion  of  our  future  energy 
demands.  When  complete  In  1981,  the  effort  will  provide  a  more  detailed 
evaluation  of  the  nation's  hydroelectric  resources,  and  will  serve  as  a 
framework  for  future  planning  and  development  of  this  important 
renewable  energy  source. 

The  National  Hydropower  Study  addresses  all  conventional  hydroelectric 
power  potential  at  Federal  and  non-federal  installations,  and  considers 
both  large  and  small-scale  dams  and  other  water  resource  projects.  The 
Corps  of  Engineers  Involvement  in  studying  the  nation's  small-scale 
potential  dates  from  President  Carter's  Energy  Plan  of  1977.  This 
program  specifically  recognized  the  opportunity  for  redeveloping  small- 
scale  hydropower  as  an  alternative  source  of  energy  and  the  President 
directed  the  Corps  to  produce  summary  estimates  of  the  potential  at 
existing  small  dams  in  the  country. 

The  directive  led  to  the  Corps'  preliminary  90-day  hydropower  study 
which  was  published  in  1 9 7 7 1  .  This  study  was  the  first  to  provide 
comprehensive  estimates  of  the  small-scale  potential  at  existing  dams 
and  also  Identified  key  areas  of  the  country  where  small-scale 
hydropower  development  could  potentially  reduce  dependence  on  fossil 
fuels  as  a  source  of  energy  generation.  It  is  important  to  note  that 
these  estimates  were  based  largely  on  theoretical  potentials  calculated 
for  the  river  basins  in  the  United  States  and  were  not  the  product  of 
site-specific  investigations. 

During  the  initial  planning  stages  of  the  National  Hydropower  Study,  the 
U.S.  Department  of  Energy  requested  that  a  more  detailed  assessment  be 
made  of  the  nation's  small-scale  hydroelectric  resources.  Because  of 
the  wide  public  interest  in  this  potentially  valuable  alternative  energy 
resource,  the  small-scale  assessment  has  been  integrated  into  the 
overall  National  Hydropower  Study  and  is  included  in  this  series  of 
reports. 


PURPOSE  AND  SCOPE 


Site-specific  information  on  the  physical  hydroelectric  power  potential 
is  essential  in  determining  the  social,  economic,  institutional  and 
environmental  feasibility  of  developing  this  resource.  Because  of  the 
immediate  need  for  wide  dissemination  of  state,  regional  and  national 
hydropower  data,  the  Corps'  Institute  for  Water  Resources  has  prepared 
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this  series  of  regional  reports.  Preliminary  Inventory  of  Hydropowt  ; 
Resources .  The  Inventory  Is  the  result  of  a  comprehensive  data 
collection  effort  conducted  by  the  Corps  of  Engineers  and  Is  based  on 
site-specific  analysis  and  evaluation. 

The  purpose  of  these  reports  Is  to  provide  preliminary  estimates  of  tin- 
existing  and  potentially  feasible  hydroelectric  power  resources  In  the 
United  States,  and  to  briefly  evaluate  their  regional  significance.  ihe 
estimates  of  existing,  Incremental  and  undeveloped  hydropower  potential 
have  been  grouped  In  three  categories  which  are  based  on  megawatt  (MW) 
capacity.  These  include  small-scale  (.05-15  MW);  Intermediate  (15-25 
MW);  and  large-scale  (greater  than  25  MW). 

The  reports  have  been  organized  into  6  volumes,  each  divided  along 
regional  boundaries  of  the  United  States  (Figure  l).  The  regions  have 
been  arbitrarily  selected,  but  each  roughly  approximates  broad  physical 
and  cultural  divisions  of  the  country.  They  Include: 

a.  Pacific  Northv«st  (Vol.  1) 

b.  Pacific  Southwest  (Vol.  2) 

c.  Mid-Continent  (Vol.  3) 

d.  Lake  Central  (Vol.  4) 

e.  Southeast  (Vol.  5) 

f.  Northeast  (Vol.  6) 

Each  volume  of  the  Preliminary  Inventory  of  Hydropower  Resources 
contains  a  description  of  the  methods  of  study,  national  and  regional 
summary  statistics,  and  a  brief  assessment  of  the  resource  potential. 
Appendix  1  of  each  volume  contains  invtdldual  state  summary  totals  with 
the  data  grouped  In  various  hydraulic  head  and  capacity  ranges,  and  an 
Inventory  of  all  potentially  feasible  sites  in  each  state  Included  in 
the  appropriate  region.  The  inventory  Includes  site-specific  geographic 
information,  project  purpose  and  ownership  references,  refined 
streamflow  and  hydraulic  data,  and  the  capacity  and  hydroelectric  energy 
estimates.  Appendix  2  of  each  volume  Is  a  brief  description  of  the 
hydroelectric  powr  terms  used  in  the  reports,  and  for  further 
information.  Appendix  3  contains  a  list  of  Corps  of  Engineers  Division 
and  District  field  offices. 


METHODS  OF  STUDY 


The  preliminary  inventory  of  potentially  feasible  hydropower  resources 
includes  an  estimate  of  the  capacity  and  energy  available  at  both 
existing  dams  and  undeveloped  sites  in  the  United  States.  The  major 
source  of  data  on  existing  hydropower  facilities  was  the  National 
Inventory  of  Dams  developed  tyy  the  Corps  of  Engineers  as  part  of  the 
National  Dam  Safety  Program.  This  Inventory  contains  geographic. 


U.S.  Army  Corps  of  Engineers,  National  Program  of  Inspection  of 
Dams ,  in  5  Volumes,  Office  of  the  Chief  of  Engineers,  Washington,  D.  C., 
May  1975 
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physical,  and  ownership  data  on  approximate  lv  50,000  dams  in  t\u 
nation.  Identification  and  data  collection  on  undeveloped  -.ire  ».i.s 
more  limited  since  only  ibout  5,000  sites  had  been  ldentiiied  or 
previously  studied  by  the  Corps  of  Engineers  and  other  local,  state  and 
Federal  water  resource  agencies.  In  addition,  no  attempt  was  m  to 
include  pumped  storage  sites  in  the  inventory 

The  data  in  the  original  national  Inventory  of  dams  w*-re  supplemented  as 
necessary  to  develop  preliminary  est  inin  f  th  hyd  •  e’e  tri  •••  wer 

potential  at  each  site.  Computer  routine;;  which  utilised  hi. id,  sr,  ra.- 
and  streamflow  estimates  were  developed  to  compute  the  capacity  an. 
energy  potential  of  each  existing  dam  and  undeveloped  site.  A  screening 
routine  was  used  to  eliminate  those  sites  without  sufficient  stoi  ■  , 
head  or  streamflow  to  generate  a  significant  amount  of  electrical 
energy.  Generally,  the  existing  dams  and  undeveloped  site  iti  a 
listed  in  the  inventory  ate  those  with  a  capacity  of  50  kilowatts  r 
greater.  In  most  cases,  Che  current  installed  capacitv  at  existing  dam;- 
was  derived  from  the  nameplate  capability.  This  initial  screening 
procedure  reduced  the  number  ol  sites  in  tie  active  inventory  from 
approximately  55,000  to  about  17,50U. 

During  the  second  stage  of  the  preliminary  screening,  additional 
physical  data  were  collected  for  all  sites  remaining  in  the  inventory.* 

In  particular,  the  supplemental  data  included  the  designation  of  a  '..  . 
Geological  Survey  (U.S.G.S.)  reference  gaging  station;  a  '-efined 
estimate  of  the  available  net  power  head;  and  an  .estir  to  o:  th> 
drainage  area  associated  with  each  site.  Computer  routines  deve.l  ed  by 
the  Hydrologic  Engineering  Center  and  the  Corps'  Southwestern  Division 
were  utilized  with  USGS  streamflow  data  and  drainage  area  mo  :sur  ‘meats 
to  proi  uce  a  synthetic  •  -w-duration  curve  at  ;  >ch  site  Consent  loml 
f low-duration  analysis  used  t<  .timate  ..l.e  capacity  and  '•rjv 

available  at  «  :  h  site  .  a  range  of  plant  factors. 

Generalized  cost  estimates  were  developed  by  the  Corps'  North  Pacific 
Division  to  approximate  the  cost  of  turbines,  generators,  and  other 
powerhouse  costs  associated  with  the  representative  capacity  selected 
for  each  site  in  the  inventory.  Generalized  regional  power  values, 
developed  for  the  study  by  the  Federal  Energy  Regulatory  Commission 
(FERC),  were  used  to  provide  a  preliminary  estimate  of  the  value  of  the 
potential  capacity  and  energy  at  each  site.  Each  site  was  then  sized 
at  the  capacity  and  energy  which  gave  a  maximum  net  benefit.  A  second 
screening,  comparing  the  estimated  powerhouse  cost  with  the  value  of 
power  to  be  produced,  eliminated  those  sites  which  had  doubtful  economic 
feasibility.  This  s-reening  process  reduced  the  active  inventory  to 
approximately  11,000  sites  which  are  contained  in  these  regional 
reports . 

The  basic  objective  of  the  preliminary  inventory  and  analysis  procedures 
is  to  provide  a  comprehensive  assessment  of  the  undeveloped 
hydroelectric  power  potential  in  the  United  States  and  to  determine 


which  sites  merit  more  thorough  investigation.  Accordingly, 
conservative  assumptions  have  been  made  in  the  screening  and  analysis 
process  to  avoid  eliminating  any  potentially  feasible  sites.  The 
current  summary  tables  provide  the  best  estimates  to  date,  but  to  some 
degree,  may  overstate  the  actual  capacity  and  energy  which  could  be 
developed.  The  estimates  for  individual  sites  may  be  overstated  for  the 
following  reasons: 


a.  A  reduction  of  net  power  head  due  to  rising  tailwater 
condicions  during  high  flows  was  not  computed. 

b.  The  analysis  technique  of  maximum  net  benefits,  using 
Incomplete  project  cost  resulted  in  a  low  plant  factor  operation. 

This  type  ot  operation  could  require  more  reservoir  storage  than  is 
available  for  regulating  power  flows  or  could  cause  fluctuations  in  the 
surface  elevation  of  the  reservoir  or  downstream  flow  that  would  not  be 
acceptable . 

c.  Computations  ignored  diversion  of  water  for  other  uses,  as  well 
as  losses  due  to  evaporation. 

d.  Turbines  were  assumed  to  be  100  percent  efficient,  and  head 
losses  through  penstocks  were  not  estimated. 

e.  During  periods  of  high  flow,  it  was  calculated  that  streamflow 
would  pass  through  the  turbines  at  the  design  discharge  rate  when 
infact,  during  excessively  high  flows,  the  plant  may  be  shut  down 

I.  'ause  of  high  tailwater  and  reduced  head. 

f .  Summary  tables  include  estimates  of  the  potential  capacity  and 
energy  at  each  site  in  the  inventory.  In  some  cases,  individual 
projects  may  be  site  alternatives  to  others  in  the  same  general 
location,  when  only  one  can  be  considered  for  hydropower  development. 

g.  Detailed  consideration  of  the  social,  economic,  institutional 
and  environmental  constraints  associated  with  hydropower  development 
were  not  specifically  included  in  the  analysis. 

All  of  the  issues  listed  above  will  be  addressed  during  future  stages  of 
the  National  Hydropower  Study  through  the  addition  of  more  detailed 
site-specific  information,  and  by  refinements  in  the  computer  routines 
used  in  assessing  the  data. 
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RESOURCE  ASSESSMENT 


Nat  tonol  Potential 


Estimates  of  the  existing,  Incremental  and  undeveloped  conventional 
hydroelectric  power  potential  for  the  various  regions  of  the  United 
States  are  presented  In  Table  l.  The  total  physical  resource  for  all 
regions  Is  estimated  to  exceed  512,000  MW  of  capacity  with  an  average 
annual  energy  generation  greater  than  1.4  million  GWH.  At  the  present 
time,  the  Corps  has  Identified  1,251  existing  hydropowr  facilities 
currently  generating  power  with  a  total  Installed  capacity  of  some 
64,000  MW  producing  over  280,000  GWH  of  average  annual  energy.  There 
ire  over  5,400  existing  dams  which  have  the  potential  for  new  incremental 
power  development.  Some  of  these  arc  currently  generating  power,  and 
full  development  of  the  incremental  potential  could  yield  an  additional 
capacity  of  some  94,000  MW  with  an  average  annual  energy  generation 
exceeding  223,000  GWH.  There  are  also  some  4,500  potentially  feasible, 
undeveloped  sites  which,  if  fully  developed  for  hydropower,  could 
produce  another  354,000  MW  with  an  estimated  average  annual  energy 
greater  than  935,000  CWH. 

The  distribution  of  the  overall  hydroelectric  power  resource  in  the 
nation  Is  shown  in  Figure  2.  The  Pacific  Northwest  has  the  largest 
proportion  of  the  nation's  Installed  capacity  and  currently  generates 
some  48  percent  of  the  conventional  hydroelectric  energy  produced  in  the 
United  States.  Other  areas  with  a  significant,  but  smaller  proportion 
of  the  total  Installed  capacity  and  energy  generation  Include  the 
Southeast,  Northeast,  and  Pacific  Southwest  regions.  Nearly  all 
existing  hydroelectric  facilities  and  other  water  resource  projects  In 
the  country  have  the  capability  for  Incremental  energy  generation  with 
the  Northeast,  Lake  Central  and  Pacific  Northwest  having  a  large 
share  of  this  potential.  The  undeveloped  hydroelectric  resource  Is 
widely  distributed,  but  appears  greatest  in  the  Pacific  Northwest,  Mid- 
Continent  and  Southeast  regions,  particularly  at  large-scale  sites. 

There  are  over  5,600  small-scale  dams  in  the  country  which  are  either 
generating  power,  or  have  the  potential  for  Incremental  development. 

The  installed  capacity  at  existing  small-scale  facilities  Is  estimated 
to  be  some  3,000  MW  with  an  average  annual  energy  generation  exceeding 
15,000  GWH.  These  values  represent  about  5  percent  of  the  nation's 
current  installed  hydroelectric  capacity  and  energy  generation. 
Approximately  5,400  MW  of  new  Incremental  capacity  could  bo  installed  at 
a  latge  percentage  of  the  existing  small-scale  dams  for  an  estimated 
energy  generation  of  about  17,000  GWH  annually.  In  addition,  some  2,600 
potentially  feasible,  undeveloped  sites  have  been  Identified  which  could 
provide  an  estimated  capacity  of  8,000  MW  and  more  than  28,000  GWH  of 
average  annual  energy  generation. 

As  shown  In  Figure  3,  the  amount  and  regional  distribution  of  the  small- 
scale  resource  potential  varies  considerably,  as  these  patterns  closely 
reflect  an  Interaction  between  climate,  landforms  and  settlement 
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NATIONAL  HYDROELECTRIC  POHER  RESOURCES.  (ALL  SITES) 


Figure  3;  NATIONAL  HYDROELECTRIC  POWER  RESOURCES.  (SMALL-SCALE  SITES) 


history.  The  greatest  number  and  density  of  small-scale  facilities  with 
installed  capacity  are  found  in  the  Northeast  and  Lake  Central  regions 
of  the  country.  When  considered  together,  these  two  regions  generate 
more  than  53  percent  of  the  total  energy  produced  from  all  small-scale 
facilities  in  the  United  States.  All  regions  have  the  potential  for 
incremental  power  development  at  exisltng  sites,  especially  the  Northeast, 
Lake  Central  and  Mid-Continent  regions.  Significantly,  many  of  the 
small  dams  with  incremental  potential  in  these  regions  are  located  near 
smaller  population  and  Industrial  centers  where  existing  transmission 
interties  are  well  developed.  The  undeveloped  hydroelectric  potential 
at  small-scale  sites  is  widely  distributed,  but  appears  greatest  in  the 
Pacific  Northwest,  Lake  Central,  and  the  Northeast  regions  of  the 
country . 

Northeast 


The  estimates  of  existing,  incremental  and  the  undeveloped  hydropower 
potential  for  all  states  in  the  various  regions  of  the  country  are 
presented  in  Table  2.  In  the  Northeast  region,  the  physical  potential 
for  all  sites  exceeds  33,000  MW  of  capacity  with  an  estimated  average 
annual  energy  of  some  153,000  OWH*.  By  comparison,  the  available  data 
represent  about  6  percent  of  the  total  capacity  and  11  percent  of  the 
hydroelectric  energy  potential  estimated  for  the  entire  United  States. 

Of  the  total  capacity  estimated  for  the  region,  b,100  MW  has  been 
installed.  The  remainder  (27,200  MW,  excluding  the  undeveloped  capacity 
in  the  New  England  States)  Is  the  maximum  which  could  be  developed  by 
upgrading  and  expanding  existing  projects  (18,700  MW),  and  by  Installing 
new  hydroelectric  power  capacity  at  all  potentially  feasible,  undeveloped 
sites  (8,500  MW).  Small-scale  facilities  account  for  about  15  percent 
of  the  region's  total  installed  capacity,  but  another  1,800  MW  could  be 
added  to  these  and  other  small  water  resource  projects.  In  addition, 

500  MW  could  be  Installed  at  potentially  feasible,  undeveloped  small- 
scale  sites.  The  small-scale  resource  vuries  considerably,  with  the 
states  of  New  York,  Maine  and  New  Hampshire  having  the  largest  potential 
for  Incremental  development  at  existing  projects  in  the  Northeast  region. 

SUMMARY 


Over  5,400  existing  structures  have  been  identified  as  having  the  physical 
potential  to  add  hydropower  plants  or  increase  hydropower  output  thereby 
increasing  our  present  hydropower  capacity  from  a  total  of  64,000  MW  to 
158,000  MW  and  our  energy  from  280,000  GWH  to  503,000  UWH.  While  the 
physical  potential  for  this  increase  is  clearly  available,  some  of  these 
projects  will  undoubtly  not  satisfy  more  detailed  economical  analysis  as 
well  as  the  institutional  and  environmental  criteria  which  will  be  imposed 
upon  them. 


*Datu  on  the  undeveloped  hydroelectric  power  potential  In  the  New  England 
states  of  Connecticut,  Maine,  Massachusetts,  New  Hampshire,  Rhode  Island 
and  Vermont  were  not  available  at  the  time  of  publication. 
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More  than  4,500  undeveloped  sites  have  been  identified  as  having  the 
physical  potential  to  increase  our  capacity  by  354,000  MW  and  our  energy 
by  936,000  GWH.  Many  of  these  have  less  chance  of  acceptance  than  the 
modifications  to  the  existing  projects  because  of  the  more  adverse 
environmental  and  institutional  effects.  Unfortunately,  47  percent 
(166,700  MW)  of  this  undeveloped  potential  is  located  in  Alaska  where 
it  would  be  economically  difficult  to  transmit  the  power  to  the  potential 
user. 

For  the  nation's  existing  hydroelectric  power  sites,  large-scale  facilities, 
25  MW  and  greater,  account  for  approximately  92  percent  of  the  capacity  and 
energy  generation,  particularly  those  located  in  the  Pacific  Northwest  and 
Southeast  regions.  Small-scale  facilities  account  for  about  5  percent  of 
the  nation's  installed  capacity  and  hydroelectric  energy,  but  incremental 
development  of  other  potentially  feasible,  existing  small-scale  projects 
could  more  than  double  this  output  by  adding  another  5,400  MW  of  capacity 
and  17,000  GWH  of  energy  to  the  total.  The  distribution  of  the  existing 
small-scale  resource  is  extremely  variable,  but  nearly  all  regions  of  the 
country  have  the  potential  for  incremental  energy  development.  The 
undeveloped  potential  for  all  sites  and  capacity  ranges  is  also  widely 
distributed,  and  appears  greatest  in  the  Pacific  Northwest,  Southeast  and 
Mid-Continent  regions  of  the  country. 

As  stated  earlier,  these  data  are  preliminary;  the  capacity  and  energy 
estimates  represent  the  maximum  physical  hydroelectric  potential  which 
could  be  developed  in  each  state  and  region.  The  incremental  potential 
and  that  estimated  for  undeveloped  sites  do  not  include  detailed 
consideration  of  the  engineering,  economic,  financial  and  environmental 
constraints;  nor  do  they  include  an  assessment  of  the  competitive  use  of 
water  at  existing  impoundments,  or  consideration  of  the  complex  social, 
legal  and  institutional  feasibility,  all  of  which  could  preclude  full 
development  of  the  hydroelectric  potential.  Future  investigations  by 
the  Corps  of  Engineers  and  other  local,  state  and  federal  agencies  will 
consider  these  factors  in  more  detail,  and  further  refine  the  actual 
feasibility  of  the  most  favorable  sites  in  the  inventory. 

Publication  of  preliminary  resource  information  involves  the  risk  that 
errors  and  omissions  may  exist,  and  this  inventory  is  no  exception.  At 
present,  the  Corps'  inventory  of  hydroelectric  power  resources  is  an 
active  screening  tool;  its  primary  function  and  widest  utility  is  to 
present  a  viable  list  of  existing  and  potentially  feasible  hydroelectric 
power  sites,  and  to  provide  reasonably  accurate  estimates  of  the 
aggregrate  state,  regional  and  national  development  potential.  For  this 
purpose,  users  of  the  inventory  are  encouraged  to  assist  in  the 
continuing  refinement  of  the  data  base  by  bringing  errors  and  omissions 
to  the  attention  of  the  appropriate  Corps  of  Engineers  Division  or 
District  office. 

For  futher  information  concerning  specific  hydroelectric  power  sites  in 
any  state  or  region  of  the  country,  a  complete  list  of  Corps'  Division 
and  District  representatives  for  the  National  Hydropower  Study  is  provided 
in  Appendix  III. 


TABLE  2.  PRELIMINARY  INVENTORY  OP  HYDROELECTRIC  POWER  RESOURCES 
REGIONAL  STATE  SUMMARIES 


Region 

Total 

No.  of  Site*  111  354  272  737  9  17  26  52  69  43  110  222  189  414  408  1,011 

Cap.  (MW)  410  574  632  1,616  !  171  345  509  1,025  9,347  5,109  16,043  30,499  9,928  6,028  17,184  33,140 

Ener  (GWH)  2,176  1,569  1,640  5,385  837  550  1,059  2,446  37,311  8,729  31,877  77,917  |  40,325  10,849  34,577  85,751 
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APPENDIX  I 

U.S.  ARMY  CORPS  OF  ENGINEERS 
SUMMARY  SHEET  AND  SITE  SPECIFIC 
LISTING  OF  HYDROELECTRIC  POWER  RESOURCES 
BY  STATE  AND  COUNTY 

Connecticut,  Delaware,  Maine,  Maryland,  Massachusetts, 
New  Hampshire,  New  Jersey,  New  York,  Pennsylvania 
Rhode  Island,  Vermont  and  West  Virginia 
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PROJECT  PuRPOSFI  ^IRRIGATION,  hahyDnOELECTRIC,  C«FlOOD  CONTROL,  nanavigaUCn,  Sa„»TER  Su»PLT,  RarECREATION, 
D»OEB»IS  CONTROL.  PaFARM  PCnO,  QRCTMER 

E»InST*LLEO  CAPACITY  AnO  EnEpCy  nane»  INCREMENTAL  POTEnIIAL  capacity  and  tNERGY  (FOR  EXISTING  DAMS) 

L*IN5TALLE0  capacity  AnO  Energy  TaTOTAL  POTENTIAL  CAPACITY  AND  energy  (FOR  LNOEvELCPEO  SITES) 
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07/bt/M 


E»JkSTAi.LEO  CAPACITY  AkC  EkE«t*  «.««£*  IkCfcEkEkTAt.  PDTtkTIAL  CAPACITY  A*0  ENEUSY  (POP  ElltTIkt  0*«SJ 

K«IkST»tLED  CAPACITY  ASC  EkEKSf  TpTQTAL  PCTE«TIAl  CAPACITY  AAQ  £»E«6Y  (POP  u*DEvEkCPED  UTEiJ 


C7/b*/?« 


OT/H/T* 


)»ot»ms  c  -’-jl.  *■*?*«'  cl’-c,  c^cr^t" 

-  iIN'jTAULt'.  C*h»CIt*  *  -t  JsCSt^fckTju.  HTk»lllk  CfUirr  thj  t*t«w»  (►  ,«  ;»-#) 

J«js*r»i,LtL  c*->»ciT'  ••t  c T«rur*i.  »art*iTUi.  a»»»ciT»  »u  t>'*  .-wt 


STATE  OF  MASSACHUSETTS 


OT/OVT* 


(  07/09/79 


top  Li»e  u  i»vei>Tc»r  c f  09*9  c»css  xefexexce  io,  ootto"  lixe  cefi"E»  (u.»,»,c,e,j  office  *xo  site  :o, 

PROJECT  *JPP jSE I  I*IS»IS»T:Ox,  MIHTOXOELECTRIC,  C«ElOCD  CCXTPOt*  x«fc9Ylt*TICx.  8«x9TE9  K|PPLf>  99«EC«E9Tlnx, 
DPQEB9Z9  C0xT#3l.  P*F9RX  PCxD,  c«CT>«EX 

EpIx9T«LLE0  C»p*CIt*  9x0  ExEBSr  xsn£h  ZxC9ExEkT*L  PCTExTKL  C9P9CITy  9X0  ExESSY  (FOB  ElISTJxs  09x$) 

u* ! X9T9LLE0  C9P9CITY  9xC  ExExSy  TPT0T9L  POTEXJ C9P9CITY  9ku  EXE98Y  (FOX  unoCyCCCPED  9JTE9) 


Si/SO/l 0 


TOP  LI*E  IS  InyEnTOBt  OF  0A»3  CRC33  REFERENCE  10.  BGTTO*  LINE  DEFINES  (U.S.A.C.E.)  OFFICE  »nO  SITE  10, 
PROJECT  Suppose*  IpIRRISaTiOn,  r»rtd=>0ElECT9IC,  CPEUOOO  CONTROL*  N»N»»ISATICN*  SpnATER  SuPPLT,  rr»ec»e»tion. 
D»QER»I3  COMTNOLf  P*Fa»n  PCnO,  C»OT"£R 

EpInSTAllEO  C*P*CIT»  Air,  EnErSt  nine*  InCREnEnTal  POTENTIAL  CAPaCITT  AnO  ENER6T  (FOR  EUSTINg  OANSI 

U»IN3TALLE0  CAPACIT*  and  EnERSt  TpTUTAL  POTENTIAL  CAPACITT  ANO  EnERSt  (FCR  ONOE*ElCP£0  SITES) 


{  OT/ORfM 


TOP  LINE  13  INVENTORY  OF  OamS  CROSS  REFERENCE  JO,  bCTTON  LINE  OEUNES  (U.S.A.C.E.)  OFFICE  AND  SITE  ID. 

pniiject  purpose*  ^irrigation,  mpmyunoelectr ic ,  c*flouo  control,  npnavigatjcn,  s«»ater  supply,  rprecreation 
DpdEbrIS  CONTROL,  p»fanm  pond,  o»other 

EPINSTALLEl)  capacity  AND  ENERGY  NPNEN  InCNERENTAL  potential  CAPACITY  ANU  ENERGY  (FOR  El  ISTING  DANE) 

upinstallep  capacity  ano  energy  tptotal  potential  capacity  ano  energy  ifon  ondeyelcped  sites) 


07/g»/7« 


t:p  Li»t  is  i»/tkTf.»*  c»  o»-s  c»c*s  *EfE«Ekce  x&.  »cttg*  wi»t  ottmi  (u.i.s.c.e.j  gmice  »»b  iiu  is. 

OOZltCf  ►  ji»“8E  I  I*I«>»IS»TjO*<,  -*-*C«0ElEC7SIC,  C*EtCCC  CC*7»Ii|,,  •.«•.**  JJS  T  ic  » ,  lmU‘  ••■EC<il»TIO*i 

J*GE8al»  COtTSOL.  »C»C,  C»C7«EI> 

S»I«*8T»u.£i  C*p*CJT*  »s3  E-E*Sr  I»C«E»E>-74t  pGTtktJ»k.  t»P»CIT»  »*S  E»E»6»  tEG*  (IIIMhC  0**1) 

-*:'-ST»tLEC  C‘P»CI7»  **£  E*.Ei.6»  T*T3T»t  »CTE*TI*L  C»P«C1Tt  »kO  tNE*6»  l*G*  u«>CE»ELt»li  »17|») 


(  OT/O'/M 


T-JP  lI«£  14  Isy£>.T:9y  f]f  a»"S  C»t.4S  <EF£*EaCE  10,  B3TTCP  Llxfc  CE^INES  CU.S.o.C.E.)  CM  ICE  MO  SITE  10. 
PROJECT  Purpose*  I»I99ic»Tt0s,  <i*H»Ci<QEi.fcCT<IIC,  C»M.COli  CC'TkOl,  '•mayijatICk,  S«MTE»  Su»»L».  »p»EC»E»TIQ9. 
j*3E8»IS  CCntpCc»  P»F»«»  POO,  G*CT*iE9 

c*IsSt»ll£1  C»p»CIT»  mg  EkEhc*  «•*’<£»  I>.CBti£kT»i.  POTt»U»t  CAPACITY  A«.C  EnE»C»  (Fr,s  EiISTOt  caps) 

OOSTAllEO  CAPACITY  MG  EaEiSy  TpTJTAC  PCTEytIai  CAPACITY  AAj  tstHSY  CFMI  OGEyElCPEO  SITES) 


07/0R/7R 


TCP  LI«e  IS  InvEnTOPy  f)F  Pt"S  C«C3S  REFERENCE  10.  BOTTOM  LINE  OtU'E!  (U.S.A.C.E.)  OFFICE  AND  SITE  10, 
PROJECT  purPiiSEI  IpInBISaTIO*,  MRMYOrOELECTAIC,  C*FlOOD  CONTROL,  N»N»V  UAT ICN ,  3**ATER  SuPPLT,  RRRECREATIQN, 
DsdENrIS  CONTROL,  PpFARn  PCnO,  G«GThEn 

EpI'.STallEJ  CAP»CIT»  And  EnEpCy  n*r£»>  INCREMENTAL  POTENTIAL  CAPACITY  ANO  ENERGY  (FOR  EKJSTING  DAMS) 

j«In3T*LLEj  capacity  AnO  ENERGY  TpTOTal  POTENTIAL  CAPACITY  ANu  ENERGY  (FOR  UNDEVELOPED  SITES) 


(  07/GS/7S 


r 


PROJECT  PURPOSE!  I«t*«rG*7|0N,  HAHYDNUtLECTHIC,  C»FLOUU  CONTROL,  nnnavIGATICN,  3«RATER  SUPPLY,  R*fltCREATION» 
0*<)t«RIS  CONTROL,  P*FAnr  PONP,  0*OTHfcH 

£• I NST ALL t U  CAPACITY  And  EnEnGy  N*n£K  InCRErEnTAL  POTENTIAL  CAPACITY  AND  ENERGY  (FOR  EMSTING  OARS) 

U»jNSTALLEt>  CAPACITY  anO  t nErG y  TpTUTAL  POTENTIAL  CAPACITY  ANO  ENtRGY  (FOR  UNDEVELOPED  SITES! 


(  or/u«/r« 


0T/0«/T» 


07/09/71 


(  07/0«/M 


TOP  Lt'.t  IS  Ii.vf.MQM  Of  0»"S  C^CSS  xEEExfci.CE  10,  BOTTCH  List  UtEIXES  (U.B.E.C.fc.)  GFEICE  »xO  SITE  10, 
PXPJECT  PURPOSE  I  J*IxxIG*7ir)f.#  MiNyCxfJfcLfcCTXIC/  C»fLOCO  CCxTXUL#  xbxa  v  JG  aT  ICm  3»aATEX  SI.PPLT,  s  «»t  C«E  »T  i^n  , 
C*QE«HIS  CUMPOl.  pep»h“  PC*.0,  C*LTMlh 

E*r<fiT*LLEO  CAPACITY  ai.O  ExExtv  s*nt»  IkCxExeMal  PUTtMI»L  CAPACITY  A*0  txfcNGY  (ECx  E«IST!xG  OA«S) 

L*lNST*u.fO  capacity  *•.!)  Hl«r,r  T«ToT*L  PCTtMlAc  Capacity  tsj  E xEXGV  (Prjw  t,x„^  tCPEO  tJT[b) 


07/0 */T*  ) 


TCP  tl'E  IS  IS/£»T-S»  DP  CP'S  C*CSS  «EPfc»E*CE  ID,  BCTTC"  UlxE  CEPIXES  (u.S.P.C.E.)  CpPICE  »xD  SITE  IE, 
pS;jECT  PjxPcSEI  I*IXSI0*TJ0X,  m«my;»CELECTSIC,  CpPLDCD  CCXTBOt.  ‘•«xp*IS»TICs,  SUPPLY,  *P»ECPEPT I Ox 

E*3E9»IS  COsTaOt.  P»P»x»  PC*D,  C»CT»E" 

E»IxSr»LLtJ  C»p»CITy  pxC  Ex£«5y  xpx£>  IsC«Eh£»T»L  PLTExlIPt.  CPPpCITy  pxD  ExEssy  (PCs  EMST1-S  o*pS) 

.*IxST»lUED  C*p*C ITy  PxO  ExEbSy  TsTOTPL  POTENTIPl  CPPPCITY  PXD  ESESiY  (PCS  l*OEyElC»EC  SITU) 


(  Sr/64/M 


OT /u«/T« 


TOP  LI'E  Js  InvEeTORT  OF  DENS  CROSS  REFERENCE  10,  BOTTOM  LINE  DEFINES  (U.S.E.C.E.)  OFFICE  END  SITE  ID, 
PROJECT  PURPOSE  I  I*Ih»I6»Ttijh,  hemydrOELECTRIC,  C»F1000  CONTROL*  NMNEVISETICN*  S««ET£R  SuPPLT,  RpRECREeTION* 
DnDEBRIS  CONTROL*  P«F ERp  POnDi  0*OTmEN 

t»INST»LLED  CEPECITv  end  EnERST  n«nE»  InCREnEnTEL  POTEnUEL  CePeCITY  END  ENERCY  (FOR  EKISTINC  OEMS) 

0»INSTellEP  CEPECITY  ENO  En£*6y  TmTOTEL  PDTENTIEL  CEPECITt  END  ENER8T  (FOR  UNDEVELOPED  SITES) 


0  T/OB/TS 


TOP  LINt  IS  INVENTORY  OF  DAMS  CROSS  REFERENCE  ID,  BOTTOM  Lift  DEFINES  tu.S.A.C.t,)  OFFICE  AND  SITE  10. 
PROJECT  PURPOSE*  I*IH»IGATIUn,  mbryorUEUECTRIC,  C*fLOOQ  CONTROL#  n«nay IG ATICN «  S«nATER  SUPPLY,  R«RECkEATIpn 
U»DtbNIS  CONTROL,  PbFaRm  POND,  CBGTnER 

E«IN3TALLErt  capacity  ANO  ENERGY  nsne*  INCREMENTAL  PUTENl IAL  CAPACITY  AnO  ENEnSY  (FOR  E*ISTING  DAMS) 

l»InSTall£P  capacity  AND  ENERGY  TbTuTaL  PLTENTIAL  CAPACITY  AND  ENERGY  (FOR  UNDEVELOPED  SITES) 


01/0  »/M 
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TOO  LINE  is  INVENTORY  UP  Oa*S  C«GS3  REFERENCE  Id.  BUTTON  LINE  DEFINES  (O.S.A.C.E.)  OFFICE  AND  SITE  ID. 
PROJECT  PURPOSE  I  I«IPRIGaTIOn#  mxhyOBOELECTBIC,  C»FlOOI>  CCNTRCl.  NPNAV  IGATICN ,  S»»ATER  SuPPl*.  PPRECNEATIONi 
0»Dt6»IS  CONTROL,  p»FARH  PCNO,  0«OTmEB 

E»InSTAlLED  capacity  ANO  ENERGY  n»NE»  INCREMENTAL  POTENTIAL  CAPACITY  AND  ENERGY  (POP  E>ISTINC  DANS) 

UNINSTALLED  CAPACITY  and  ENERGY  T«TOTal  POTENTIAL  CAPACITY  ANU  ENERGY  (POP  UNOEvElCPEC  SITES! 
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TOP  LINE  IS  Invents#*  0p  da«S  C*CSS  REFERENCE  ID.  0QTTQN  LINE  DEFINES  (U.S.A.C.E.)  OFFICE  ANO  SITE  ID, 
P81JECT  P'jNPQSE t  I»I«BIO»TtON,  h#n*01*0ELECTSIC,  C»FlOCO  CCnThOl.  N»na»ICAT ICn ,  S»«ATE»  SlPPLT,  PpSECnEATION, 
L>pDES#IS  COnToOL.  P»FARn  pond,  c*0THER 

E«i>,ST»LLED  CApac I  rr  it.n  EnE#Gv  nsnE»  InCREnEnTAl  POTENTIAL  CAPAClTr  AND  ENERGY  (PC#  EIIITINC  DAPS) 
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7;*  -i>£  :j  c'-<:ss  i>£ee‘>E‘Ce  is,  sotts*  ce£i*n  (u.a.t.c.c.i  c*e:ce  »*o  uu  is. 
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Qc,  PCsS,  £»ST»E» 

E»I-.3T«Lk.E'J  C»>*:iT»  »..r  estfcS*  •.»■.£.  I«.C»£«Ei> T»t  aOTEkrtaL  CaPaCITt  *»&  fcsESST  (E3»  EilJrikt  OA»J) 

-*IsST»ti.Er,  C»»»CITf  }  £*£»•*  r«TjT*i.  »LrE*rl»l.  C*»*CIT»  »»S  £*£»!,»  fEC*  u«OE*El.C»ES  »ITE$) 
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(  0?/0«/T« 


D*OEBK 1 3  CONTROL#  kkr  PCnO,  0«CT*fcR 


H/kO/iO  ) 


07/0«/71 


T:“  a1'1  n  c»  o»-s  c^css  “EFt»e».ce  it,  bottc-  Li>.t  lem-es  cu.>.*.t,E,j  office  »«.n  a i T t  :c. 

E--.JECT  P.-B  »E1  I  *  ?fc » I5«  T  [tl-..  «B-f'J»'>t(.ECT*lCt  C*fLOCii  CC'TKiJu.  BC.ITEB  S.Pt-l.*,  t»6EC»E»*I0 

OBOEBxIS  CT’TP"'.,  BxFfb-  FOE,  CaET*EB 

f»I*.ST»U.EO  L»*>»CIt*  »*•':  E-E’-S*  »■'(>  J'.CBE-EkT*^  PCTEkU»l  CFPFCIT*  tk|>  E  *«  t  B  &  *  (fcb  ElISTlkC  5»*j; 

*«;hBT»LLEO  C»p»CTT»  »■.(,  E  •.  E s  U '  T*TijT*t  Ba’EHTIBE  C»>'»C1T»  ‘"U  tkEBuT  (fob  „saE  «El"BEI  SI’Ml 


C-t**!'-*. 


07/09/*$ 


*Gp  uI**E  JS  T^vEkT-.ov  of  qa-s  C^CSS  *£P£ee*.CE  10,  *C*TC"  Ll*E  CEpI*E3  ( c .  3  ,  «  ,C  ,E  .  }  OFFICE  A**C  32U  20. 
PW^JfCT  Pi^F'SEt  TsTHrlSiT  n**,  «*wv5*0£LtCT*IC.  r*^oCCO  CC*TmOl#  n*na7JGATIC* .  S***U»  3lPpwv.  e*ai c«E at ! r* 
T>sC€«ei9  CO»-^*«CL*  pC**C,  f  *  C  th£  B 

?r  r*.9*AtLEr  C*p*CITw  A».r  E»E*f,*  ssn£*  1  kC  ®E  *E  *  * H  pCUa’Ial  CapaCI*v  anC  EnEPC*  (FTfc  IS**  I»-4  CA“S; 

=  T CIPFClTt  4..0  E^E^G*  '«7CT»L  pCTf*-TiAL  CapacI**  *M>  E n t *  fPCe  u*CE vEtCpEC  SlTffi) 


BlnjECT  PUNP'JSE  I  mfmyDkjElECTBIC,  CBEyCOD  ConTRUu,  nbnpyispTICn  .  8b»pTES  SUPPLY,  BbbeCBEPTIon, 

D*Otd«IS  CO-'TbOL*  bsEpSh  PCND,  C»CTH£fc 

E*INSTPLLtD  CPPPCITy  P  nq  EnEBSY  nbn£.  InCRE"EnT»L  POTEnTIPL  CpppCJTy  PND  ENEBSY  (FC*  EPJSTlKt  0P»8) 

LbInSTpLlED  C»P»C  If*  pnO  £f.E<5Y  TpTDTPL  POTENTIPL  CPPAC1TY  PNO  6NLN6Y  (FOR  lnDEvElCPED  3JT£S) 


t  e?/ev*« 


T-«’  .t-t  is  .f  c«css  13,  sutt„h  fci»t  it*i*cs  »■•:>  s;*e  10, 

»a- ;FCT  f  ill  ,  -««*-- CtwtC »*IC ,  ca'wJCu  CC»Te5w«  »*»»!.'•  *»»£C«E*»la«* 

"ii’Jtn-H  '  j’.'ua,  eC»d, 

ts£<'i»  •.»■•£•  i*Ca£»t*'»k  c**"*©;'*  »»«  cfc«  t«uTt*>s  i4»ji 

C»*»c:T’  »»«  ts£-4*  .!»l  aC.'£ar:»L  :****Ci»*  fc»E*fc»  C»C»  u'0e«£l.S*€3  »I*E»; 


i*  co«T»at.  »**»*•  »c*;,  ;*:■»••£» 

*■>;  £*■£-•*  »»»£.  i*c»E-£kT*i.  c»»»cjt«  **o  £«£»i«  c»c»  eijjtj«,s  3»«s: 

.»>jt»ll£>  h:  e*e»s«  ’«rir»k  »ote»»i»(.  »*:  e*e»s»  («c»  ^cukcpec  ijtisj 
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Tcp  u'*'  is  *sve>’cb'  or  n*Ms  e»os£  pefekence  ic,  so’tg"  line  defines  cu.s.a.c.e.;  office  and  site  id, 

FB’JEC’  pupp~9EI  I»IBBIS»TION.  N**4v0fc0E,.ECT»ir  C»FlOOD  CCNT»du,  nini  v  ij  a  t  icn  ,  )••>?[#  Su»Pl*.  »»»ECPEAvInk 

dpdfnlts  r.n>*Tpot_»  p«f»n*>  pcno,  c»c*nel 

f »IN9TALLEo  C"<tn*  »xf  E*.E»G«  nsnEv  I NOPE  HEN  T»L  POTENTIAL  CAPACIT*  AND  ENENGV  (PC*  EMSTINC  DANS) 

l»  Installed  cap*!::'”’  alD  FnEnG**  Ts’OTal  potential  CAPACIT*  AND  ENENST  (POL  UNDEVELOPED  SITES 


07/09/7% 


TOP  LI-E  JS  INVENTORY  OF  DANS  C»OSS  REFERENCE  10,  BCTT0R  LlNt  OEf INtS  (U.S.A.C.l.)  OFFICE  ANO  SITE  10, 
PROJECT  P.jRP'iSEI  I»IRRIS*THjn,  hahyOruELECTRIC,  C«FlOOO  CGMROLr  *«NAV  IGAT  ICN ,  S»»AYfcR  SoPPLT,  RPRECREATJnN  . 
D*DE9RIS  CONTROL,  P*F  ARH  PCRO,  C*CTRtR 

E»InSTALLEO  CAPACITY  A  NO  ENERGY  nsne»  INC»E"£nTAL  PIJTEMIAL  CAPACITY  AND  EnE»Gy  (FOR  EXISTING  DANS) 

U»INSTALLED  capacity  anO  energy  T*TOTaL  PU'ENTIAL  CAPACITY  AND  tNENGY  (FOR  UNDEVELOPED  SITES) 
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0  T/OS/M 


Li-s  :i  c®  c®:>s  -e»e-e>>ce  10.  Sim"  li»e  ct'i-t*  u.i.a.c.e.i  c*hce  *<>o  sm  ic. 

Pk'jf;T  «|  I*:»82t»Tj'jK,  -■-rO«OEL€CT»IC»  C«®H.CO  «<■***  IS*  T 1  C»  >  »«•»?{*  t  » .  •••£C«£*TIOk* 

0»0E *®IS  c3'T*fjt»  ►»>»*»  ®C»G,  C»:t-E» 

EaI-.1TAu.E0  C*<*»CIt*  AHO  E-t-'S*  ••»••£*  I-.C*>E«E»t*l  8JTE»U»t  C»8*CIT*  »»;  E*E«iS»  (®C»  £II1TI*C  "A*®) 
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P 9 'j j E C T  P'.9PDSEI  I»>BIS»TIOfc,  H»M»c((UELtCTSIC<  CPELOOO  CCTBOl,  *9k»*ie*TIC»,  3«»»TE9  Su»Pl.»»  »»»EChE»tjos 
OpDEppIS  CU»T#cl#  PC»0»  C*CThEP 

£*I*iST»u.€0  C»P»CTT*  »*.r  Esfcsiiy  ssse.  1*.C»E"E>.T»|.  P0TE*.'1*V.  t»P*tlTT  »Mi  tklPliT  (FCP  tilSTjse  0»«3) 

0*I>.3T»LLCD  C»p»CITt  »•.&  E..EK1*  t*tcT»l  PCTE>.TI»L  C*P«C1TT  *kO  £»E»6*  (FOR  ukUE »EtC»EO  SITES) 
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PROJECT  PURPOSE  I  1»IHWH,ET10n»  msmtowOELEC  T#  IC,  C*FtCOI<  CCpTwol#  n*8*vi6»T1CR,  S  =  «*TEw  SlPPLT,  SeheCwE ET Ion 
nafiEPHIS  COlTwOl  »  ppFENw  pCnO,  0*OTMEP 
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UsInSTELLEC  C*p*CIT»  End  ENE*-CT  t*TjT»l  POTENT  I  el  CEPEClTr  EM)  ENEP6T  IFOw  UNDEVELOPED  SITES) 
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PROJECT  Po»P'l#M  I«!BKl(.*Ti(jN,  h»hyO«OELECTRIC.  C»El.O0L  CONTROL*  nanaviSATICn,  S«»AT£R  SuPPLT,  R«RECRE»T10n# 
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L»lNSTAOLtT  CAPACITY  anu  EnENGy  T»T0Tal  POTENTIAL  CAPAC1T*  ANO  £Nt*fc»  (PON  ONUEVELCPEO  site*) 
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TO®  „I"E  IS  of  n««S  c*'.S3  a£Ee*E*CE  ID.  BOTTC"  List  OE^I'ES  (j.3.«,C.E.)  C.EEICE  *vO  SITE  10. 

®*'.;EcT  fJ»®'3E»  I»I-»I«»TtO  ■.  ^s^wOfcj£tECTaic.  C**LOOD  CC»7»0t.  >**>■»»  IS*  T  IC  * ,  3*«»T£b  S,.»»i_t,  8*®EC«E»TIOs 
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EsiNSTALLEO  capacity  a*D  ENERGY  asxEa  INCREMENTAL  POTENT  IAL  CAPACITY  AND  ENERGY  (FOR  EXISTING  DANS) 

L*IYSTALLEJ  capacity  AND  Energy  TaTOTAL  potential  capacity  ANO  ENERGY  (FOR  UNDEVELOPED  SITES) 
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TUP  U’E  JS  IhvEMIJHr  uF  U»PS  C»CSS  -EFEKE^CE  IB,  dJTTon  (.Jut  Q£F  1N£3  (U.S.P.C.t.)  OFFICE  *t.D  SITE  ID. 
PUnjFcT  P'J*P[iSE  I  I  *  I H®  IG*T  l  mphtDKOELECTR  IC ,  C*FlU0O  CONTROL,  '««K»*ie*T2C».  S»pATEB  SuPPLT,  »«R£CPE*TI0P« 
U*UEUhIS  CO-lTSOL,  P*F*R»  PCM/,  C*0Tr£« 
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r>  i. I *»e  13  ikvEkTORY  OF  OAHJ  C#tss  REFERENCE  id,  B0TT0H  like  DEFINES  (U.S.A.C.E.)  OFFICE  **.0  SITE  10, 
PR-’JECT  PjwpoSEI  I«IPRI5ATI0Ni  hRhyDPOELECTRIC,  C»FlOOO  CCNTROLi  NRkA YIS A T ICk ,  JRrATER  SlPPlY,  *RREC«EATink 
0»OCa»IJ  CONTROL.  »■»»>•>•  »OND .  C^OThER 

E»IRSTallEO  CAPACITY  ArO  EkERS*  k«k£.  IkCRE"£kTAL  POIEktIAL  CAPACITY  AkU  ErERSy  (FOR  E«ISTJk6  OAR$) 

n»I«.3TAllE0  Capacity  AkO  EkEPSY  T.TOTAL  POTENTIAL  CAPACITY  AkO  ENER6Y  (FOR  lnDEyELCPEO  SITES} 
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Cl)  *  ne  -T»<E  IS  InvEnTCPy  r)F  DAMS  c«css  pEFEPEfCE  10.  SCTTO"  List  DEFINES  (U.8.A.C.E.J  OEF  ICE  AND  SITE  ID. 

(?)  -  s»':JF.cT  PuPPiSFt  I*Ti«PT&»TiOf,,  "sxyupijELECTPIC,  C=FcQOO  CCNtpOL.  n**  A  v  is  a  y  ica  ,  Spaayeq  supply,  SPBECPEATIPt., 
Ci)  OsOEBBlS  COnTpOC.  p*f*b«  PCsO,  C*OThem 

13)  -  E»IsST»LLE0  C*p»C I ty  anC  EnE-yGy  x  =  :iE»  IhCBEbEkTal  buTEnTIAC  CAPACITY  anu  ENEB&y  If  OP  E*ISTIN6  0**8) 

(3)  -  j*t*.ST*LLEO  CAPACITY  AND  EfE.’GY  T:TCUl  POTENT  I  Ac  CAPACITY  ANU  ENEPSY  (Ff)«  UPUEyECCPEC  SITES) 
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TOP  Ll-fc  IS  InyE'TOst  rf  o»iS  CBISS  -EFtNEkCE  10.  BOTTOM  LINE  DEFINES  (u.S.A.C.E.)  CFFICE  »*0  BITE  IC. 
PROJECT  P.impoSEJ  i«ik«i6»TI,jk,  H*«vQi*rjtotCTt«IC.  C*FlDCD  COTNOLf  N«NA» IS»T I Cn  ,  3»»ATeb  Su»Pl*.  babeCBEation 
C»OEdBIS  CJ<TkUl»  P*P*s«  PCnO,  C»CTpE» 

(•INSTALL'D  C»P*CIT»  anO  E*.£m6»  mn£.  INCREMENTAL  POTENTIAL  CIPaCIT*  and  Enerst  (FOB  EMSTInc  Oars) 

.•INSTALLED  CAPACITY  and  EkEwfi*  TaTQTal  POTENTIAL  CAPACITY  ABO  ENEBiY  (FOB  undEvElCPEO  SITES) 
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TCP  lIn£  IS  JnvE».T':(.i  OP  C»*S  C»l3S  nEPEnEkCE  IC,  BOTTli*  LINE  0EHKE9  (u.a.A.t.t.}  iff  ICE  AnO  SITE  ID, 
PSnjECT  H.i*pn»EI  I»IHIGATI()«.,  HiM»U«otLECT(IC,  C*EcOGC  CC^ThOl,  ">■><  A*  ISA  T  JCn  ,  »a«AT£P  ScPPL*,  BSPECPEATIOa 
0«0E9PIS  COnThUL#  P»PAX“  Pl>0,  C"OT*tP 

tsi«ST*LLEJ  C*P*CITT  *nO  EnEmO »  n*««E»  I«.CBE*tATAt  POTENTIAL  Capacity  anl  ENEPi*  (TO*  EJISTING  OAKS) 

lsilSTALLEO  CAPACITY  AnO  EnE-ny  t«T0T»l  POTENTIAL  C*P»C1T»  Afcp  Enexgy  (POP  OUEVElCPEC  »ITe&) 
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D=OEBb!s  CDnTBfJL.  BsFabu  PUNO»  o*GThEP 

E*INST*LLf  f  Capacity  Ast)  EnEbGy  f.*NE*  1  E  C«E  nE  >,T  *L  EfUt'>rI*t  CAPACITY  ABO  EEtEBGt  (FOB  EFISTIAG  DAPS) 
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TCP  Ll’-t  !•  :».<{  KTUSt  pr  t*lSS  ►  £f£i'E>'t£  10,  eC’TCP  LlNt  C/EU*ES  fu. ».».£,£.)  LT*  JCE  »»C  Sl’l  It, 
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APPENDIX  II 

U.S.  ARMY  CORPS  OF  ENGINEERS 
NATIONAL  HYDROELECTRIC  POWER  RESOURCES  STUDY 
PRELIMINARY  INVENTORY  OF  HYDROPOWER  RESOURCES 
DESCRIPTION  OF  TERMS 


PRELIMINARY  INVENTORY  OF  HYDROPOWER  RESOURCES 


DESCRIPTION  OF  TERMS 


ACRE  FOOT:  (AcFt)  A  measure  of  volume.  An  acre  (A3, 560  square  feet) 
of  water,  one  foot  deep  (43,560  cubic  feet). 

AVERAGE  ANNUAL  INFLOW:  The  average  yearly  inflow  into  a  reservoir  for 
the  historical  period  of  record,  measured  in  cubic  feet  per  second 
(cfs) . 

CAPABILITY :  The  maximum  load  which  a  generator,  generating  station,  or 
other  electrical  apparatus  can  supply  under  specified  conditions  for  a 
given  period  of  time,  without  exceeding  approved  limits  of  temperature 
and  stress. 

CAPACITY :  The  load  for  which  a  generating  unit,  generating  station,  or 
other  electricl  apparatus  is  rated  either  by  the  user  or  manufacturers' 
nameplate  rating.  Capacity  is  sometimes  used  synonymously  with 
capability. 

CONVENTIONAL  HYDROELECTRIC  POWER  PLANT:  An  electric  power  plant 
utilizing  falling  water  from  stream  flow  or  reservoir  storage  as  the 
primary  motive  force  of  electrical  generation. 

DEMAND:  The  rate  at  vdiich  electric  energy  is  required. 

ELF.CTRIC  ENERGY /POWER :  That  which  does  or  is  capable  of  doing  work; 
measured  in  terms  of  the  work  it  is  capable  of  doing;  i.e.,  kilowatt- 
hours  . 

EXISTING  FACILITIES:  A  dam  or  other  existing  water  resource  project 
which  has  created  a  hydraulic  head  suitable  for  generating  hydroelectric 
power.  Such  facilities  Include,  but  are  not  limited  to: 

•  Irrigation  drop  structures  and  canals. 

•  Existing  dams  without  any  provisions  for  Installing  power 
facilities. 

•  Existing  dams  with  minimum  facilities  for  installing  power  in 
the  future;  i.e.,  intakes  and  penstocks  usually  have  been 
Installed . 

•  Existing  dams  with  generating  facilities  and  with  additional 
space  constructed  for  adding  more  generating  equipment. 

•  Existing  dams  with  generating  equipment  Installed;  however,  a 
potential  exists  for  additional  power  generation. 

FLOW  DURATION  CURVE:  A  plot  of  stream  flows  ranked  in  descending  order 
of  magnitude,  against  time  intervals,  for  a  specific  period. 

FOSSIL  FUEL:  Refers  to  coal,  oil,  and  natural  gas. 


GENERATOR:  A  machine  which  transforms  mechanical  energy  from  the  prime 

mover  (turbines)  Into  electric  energy. 


GIGAWATT  (GW) :  One  million  (1,000,000)  kilowatts. 

GIGAWATT-HOURS  (GWH) :  One  million  kilowatt-hours. 

HEIGHT  OK  DAM:  Distance  from  streambed  at  dam  centerline  to  the  top  of 
the  dam  with  respect  to  maximum  storage  capacity. 

HYDROELECTRIC  POWER:  Electrical  energy  derived  from  the  energy  of 
falling  or  flowing  water. 

INCREMENTAL  DEVELOPMENT:  The  estimated  hydroelectric  power  potential 
that  can  be  added  to  an  existing  facility  or  water  resource  project. 

INSTALLED  CAPACITY:  The  total  of  the  capacities  as  shown  by  the 
nameplates  of  the  generating  units  in  a  station  or  system. 

KILOWATT-HOURS  (KWH):  The  basic  unit  of  electric  energy  equal  to  one 
kilowatt  demand  over  a  period  of  one  hour,  equal  to  '3,413  HTU. 

LOAD:  The  amount  of  electric  power  delivered  at  a  given  point  or  points 
In  a  system. 

L/P:  An  indication  that  the  existing  project  is  a  dam  with  a  navigation 
lock  Included;  lock  and  dam. 

MEGAWATTS  (MW) :  A  million  watts  or  1,000  kilowatts. 

MEGAWATT-HOURS  (MW) :  1,000,000  watt-hours  or  1,000  KWH. 

NAMEPLATE  RATING:  The  full-load,  continuous  operation  rating  of  a 
generator,  prime  mover  or  other  electrical  equipment  under  specified 
conditions  as  designated  by  the  manufacturer . 

NET  POWER  HEAD:  The  difference  between  the  elevations  of  the  power  pool 
and  the  tallwnter  less  hydraulic  and  mechanical  losses  in  the  waterways. 

NUCLEAR  POWER  PLANT:  An  electric  generating  plant  utilizing  the  heat 
from  a  nuclear  reactor  as  the  source  of  power. 

PENSTOCK:  A  conduit  used  to  convey  water  to  the  turbine  units  of  a 
hydroelectric  plant. 

PLANT  FACTOR:  The  ratio  of  the  average  load  on  the  plant  for  the  period 
of  time  considered  to  the  aggregrate  rating  of  all  the  generating 
equipment  Installed  In  the  plant. 


i 


POTENTIAL  HYDROELECTRIC  POWER:  The  aggregate  capacity  capable  of  being 
developed  by  practical  use  of  available  stream  flow  and  net  power  head. 


POWER  HOUSE:  An  electric  generating  station  at  which  is  located  prime 
movers,  electric  generators,  and  auxiliary  equipment  for  producing 
electric  energy. 

PUMPED  STORAGE  POWER  PLANT:  A  hydropower  plant  where  electric  energy  is 
generated  for  peak  load  use  by  utilizing  water  pumped  into  a  storage 
reservoir,  usually  during  off-peak  hours. 

SMALL-SCALE  HYDROELECTRIC  POWER  PLANT;  A  hydroelectric  generating 
station  with  less  than  15  MW  of  installed  capacity. 

THERMAL  GENERATING  FACILITY:  A  generating  plant  which  uses  heat  as  the 
source  of  energy  for  the  prime  mover.  Such  plants  may  burn  fossil  fuels 
or  use  nuclear  energy  to  produce  the  heat. 

UNDEVELOPED  SITES:  No  dam  or  other  structure  exists  at  this  site  to 
create  the  hydraulic  head  needed  for  generating  hydroelectric  energy. 
However,  the  topography  of  the  site  is  favorable  for  developing  a 
hydroelectric  power  project. 

WATER  RESOURCE  PROJECT:  A  facility  planned  and  constructed  to  obtain 
one  or  more  uses  or  benefits  from  water.  Purposes  or  uses  may  include 
navigation,  flood  control,  hydroelectric  power,  land  and  water 
recreation,  irrigation,  water  supply  and  water  quality  management. 

WATT :  The  rate  of  energy  transfer  equivalent  to  one  ampere  under  a 
pressure  of  one  volt  at  unity  power  factor. 
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DIVISION  STUDY  COORDINATORS 


NATIONAL  HYDROPOWER  STUDY 


U.S.  Army  Engineer  Division 
Lower  Miss.  Valley 
ATTN:  John  C.  Cole,  LMVPD-F 
P.O.  Box  80 
Vicksburg,  MS  39180 
601-636-1311,  X5827 

U.S.  Army  Engineer  Division 
Missouri  River 
ATTN:  Chris  Garvey,  MRDPD 
P.O.  Box  103  Downtown  Station 
Omaha,  NE  68101 
402-221-7267 

U.S.  Army  Engineer  Division 
North  Atlantic 
ATTN:  James  Daniels,  NADPL 

90  Church  Street 
New  York,  NY  10007 
212-264-7088 


U.S.  Army  Engineer  Division 
North  Central 

ATTN:  Joseph  Raoul,  Jr.,  NCDED-W 
536  S.  Clark  Street 
Chicago,  IL  60605 
312-353-4595 

U.S.  Army  Engineer  Division 
New  England 

ATTN:  Harmon  Guptill,  NEDPL-H 
424  Trapelo  Road 
Waltham,  MA  02154 
617-894-2400,  X513 


U.S.  Army  Engineer  Division 
North  Pacific 
ATTN:  Tom  White,  NPDPL 
P.O.  Box  2870 
Portland,  OR  97208 
503-221-2088 


U.S.  Army  Engineer  Division 
Ohio  River 

ATTN:  Daniel  E.  Steiner,  ORDPD-F 
P.O.  Box  1159 
Cincinnati,  OH  45201 
513-684-3043 

U.S.  Army  Engineer  Division 
Pacific  Ocean 

ATTN:  H.  Paul  Mizue,  PODED-PP 
Building  230 
Ft.  Shafter,  HI  96858 
808-438-9526  (5  hrs  difference) 

U.S.  Army  Engineer  Division 
South  Atlantic 

ATTN:  Merlin  Foreman,  SADPD-P 
510  Title  Building 
30  Pryor  St.,  S.W. 

Atlanta,  GA  30303 
404-221-6739 

U.S.  Army  Engineer  Division 
South  Pacific 

ATTN:  Ted  Albrecht,  SPDED-M 
630  Sansorae  Street,  Room  1216 
San  Francisco,  CA  94111 
415-556-5709 

U.S.  Army  Engineer  Division 
Southwestern 

ATTN:  Jerrell  Sartor,  SWDPL-M 
Main  Tower  Building 
1200  Main  Street 
Dallas,  Texas  75202 
214-767-2310 
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DISTRICT  REPRESENTATIVES 


NATIONAL  HYDROPOWER  STUDY 


U.S.  Army  Engineer  District 
Vicksburg 

ATTN:  Hydro  Study  Rep 

P.O.  Box  60 
Vicksburg,  MS  39180 
601-636-6744 

U.S.  Army  Engineer  District 
Memphis 

ATTN:  Hydro  Study  Rep 

668  Clifford  Davis 
Federal  Building 
Memphis,  TN  38103 
901-321-3233 

U.S.  Army  Engineer  District 
New  Orleans 

ATTN:  Hydro  Study  Rep 

P.O.  Box  60267 
New  Orleans,  LA  70160 
504-865-1121,  x220 

U.S.  Army  Engineer  District 
.St.  Louis 

ATTN:  Hydro  Study  Rep 

210  North  12th  Street 
St.  Louis,  MO  63101 
314-268-3385 


U.S.  Army  Engineer  District 
Kansas  City 
ATTN:  Hydro  Study  Rep 
700  Federal  Building 
Kansas  City,  M0  64106 
816-374-3062 

U.S.  Army  Engineer  District 
Omaha 

ATTN:  Hydro  Study  Rep 

6014  USPO  &  Courthouse 
215  North  17th  Street 
Omaha,  NE  68102 
402-221-3900 


U.S.  Army  Engineer  District 
Balt imore 

ATTN:  Hydro  Study  Rep 

P.O.  Box  1715 
Baltimore,  MD  21203 
301-962-4713 

U.S.  Army  Engineer  District 
New  York 

ATTN:  Hydro  Stud;  ep 
26  Federal  Plaza 
New  York,  NY  10007 
214-264-3567 


U.S.  Army  Engineer  District 
Norfolk 

ATTN:  Hydro  Study  Rep 
803  Front  Street 
Norfolk,  VA  23510 
804-446-3772 

U.S.  Army  Engineer  District 
Philadelphia 
ATT:  Hydro  Study  Rep 
U.S.  Custom  House 
2nd  6  Chestnut  Street 
Philadelphia,  PA  19106 
215-597-4839 

U.S.  Army  Engineer  District 
Buffalo 

ATTN:  Hydro  Study  Rep 
1776  Niagara  Street 
Buffalo,  NY  14207 
716-876-5454,  X2147 

U.S.  Army  Engineer  District 
Chicago 

ATTN:  Hydro  Study  Rep 

219  South  Dearborn  Street 
Chicago,  IL  60604 
312-353-0789 


U.S.  Army  Engineer  District 
Detroit 

ATTN:  Hydro  Study  Rep 

P.0.  Box  1027 
Detroit,  MI  48231 
313-226-6791 

U.S.  Army  Engineer  District 
Rock  Island 

ATTN:  Hydro  Study  Rep 
Clock  Tower  Building 
Rock  Island,  IL  61201 
309-788-6289 


U.S.  Army  Engineer  District 
Alaska 

ATTN:  Hydro  Study  Rep 
P.0.  Box  7002 
Anchorage,  AK 
907-752-2114 


U.S.  Army  Engineer  District 
Portland 

ATTN:  Hydro  Study  Rep 

P.O.  Box  2946 
Portland,  OR  97208 
503-221-6449 

U.S.  Army  Engineer  District 
Seattle 

ATTN:  Hydro  Study  Rep 
P.O.  Box  C-3755 
Seattle,  WA  98124 
206-764-3473 

U.S.  Army  Engineer  District 
Walla  Walla 
ATTN:  Hydro  Study  Rep 
Bldg  602 

City-County  Airport 
Walla  Walla,  WA  99362 
509-525-5500 


U.S.  Army  Engineer  District 
Hunt ington 

ATTN:  Hydro  Study  Rep 

P.O.  Box  2127 
Huntington,  WV  25721 
304-529-5639 

U.S.  Army  Engineer  District 
Louisville 

ATTN:  Hydro  Study  Rep 

P.O.  Box  59 
Louisville,  KY  40201 
502-582-5643 

U.S.  Army  Engineer  District 
Nashville 

ATTN:  Hydro  Study  Rep 

P.O.  Box  1070 
Nashville,  TN  37202 
615-251-7194 

U.S.  Army  Engineer  District 
Pittsburgh 

ATTN:  Hydro  Study  Rep 

Federal  Building 
1000  Liberty  Avenue 
Pittsburgh,  PA  15222 
412-644-6849 

U.S.  Army  Engineer  District 
Charleston 

ATTN:  Hydro  Study  Rep 

P.O.  Box  919 
Charleston,  SC  29402 
803-724-4236 

U.S.  Army  Engineer  District 
.Jacksonville 
ATTN:  Hydro  Study  Rep 

P.O.  Box  4970 
Jacksonville,  EX  32201 
904-791-3467 

U.S.  Army  Engineer  District 
Mobile 

ATTN:  Hydro  Study  Rep 
P.O.  Box  2288 
Mobile,  AL  36228 
205-690-2 781 


U.S.  Army  Engineer  District 
St.  Paul 

ATTN:  Hydro  Study  Rep 

1135  U.S.  Post  Office  &  Custom  House 

St.  Paul,  MN  55101 

612-725-7472 


U.S.  Army  Engineer  District 
Savannah 

ATTN:  Hydro  Study  Rep 
P.0.  Box  889 
Savannah,  GA  31402 
912-233-8822,  X378 

U.S.  Army  Engineer  District 
Wilmington 

ATTN:  Hydro  Study  Rep 
P.0.  Box  1890 
Wilmington,  NO  28401 
919-343-9971,  X447 

U.S.  Army  Engineer  District 
Sacramento 

ATTN:  Hydro  Study  Rep 
650  Capital  Mall 
Sacramento,  CA  95814 
916-440-3557 

U.S.  Army  Engineer  District 
Los  Angeles 

ATTN:  Hydro  Study  Rep 
P.0.  Rox  2711  Room  6562 
Los  Angles,  CA  90053 
213-688-5441 

U.S.  Army  Engineer  District 
San  Francisco 
ATTN:  Hydro  Study  Rep 
2 1 1  Main  Street 
San  Francisco,  CA  94105 
415-556-8550 

U.S.  Army  Engineer  District 
Albuquerque 

ATTN:  Hydro  Study  Rep 
P.0.  Box  1580 
Albuquerque,  NM  87103 
505-766-3225 

U.S.  Army  Engineer  District 
Fort  Worth 

ATTN:  Hydro  Study  Rep 
P.0.  Box  17300 
Ft.  Worth,  TX  76102 
817-334-2024 


U.S.  Array  Engineer  District 
Galveston 

ATTN:  Hydro  Study  Rep 
P*.0.  Box  1229 
Galveston,  TX  77553 
713-763-6323 

U.S.  Army  Engineer  District 
Little  Rock 
ATTN:  Hydro  Study  Rep 
P.O.  Box  867 
Little  Rock,  AR  72203 
501-378-5735 

U.S.  Army  Engineer  District 
Tulsa 

ATTN:  Hydro  Study  Rep 
P.O.  Box  61 
Tulsa,  OK  74102 
918-581-7666 


